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PROJECT FLAN 

bgreement between OAST and LeRC on t h e  nature and 
scope of t h e  project and t h e  resources required. 

TECHNOLOGY REQUIREMENTS 

War kshop 

Survey of the current status of l o w  g cryogenic 
fluid management technology. 

Identification of  critical technological advances 
require2 to support future NASA missions. 

ldentif ication of  technologies which require 
i n-space e:: p e r  i ment at i on. 

Identification of candidate ground and 
flight e::periments and analytical processes 
required to advance cryogenic fluid management 
techno1 ogy . 
Identification of expert' techno1 ogi sts capabl e 
of conducting and directing the required 
experiments and analyses. 

Techno1 ogy Roadmap 

Documented e::pasi t i o n  of t h e  current status of 
cryofluid management technology, of future NASCS 
technology requirements, a n d  o f  the time phased 
action sequence of e::periments, analyses, data 
items, and numerical models needed to meet these 
requi rement s. 

PI Selection 

Initial selection o f  a group of  qualified 
Principal Investigators to direct the 
investigations required to advance Cryofluid 
Management Technology to the point identified 
by the  Technology Roadmap. 

Initial agrement with these Frincipal 
Investigators and their parent organizations on 
tb- nqtitre of t h e  investiqaticns to be performed, 
the expected results, the expected completion 
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d & t e ?  any hardwar= t o  be prov ided,  and the 
resources  r e q u i r e d  t o  'per form the needed ana lyses  
and one-g and low-g e::periments. 

Experiment D e f i n i t i o n  

Dccumented eoumerat ion o f  a s e t  o f  one-g and 
low-g exper iments t o  be performed under t h i s  
program i n c l u d i n g  exper iment o b j e c t i v e s ,  r e q u i r e d  
e::ger i men t a l  ccnd i  t i  ons, r e q u i  r e d  measurements, 
a c c u r a c i e s  and d s t a  r a t e s ,  con=eptual  hardware  
r e q u i r e d  t o  pe r j c r rn  t h e  experiments, and r e q u i r e d  
d a t a  r e d u c t i o n  techniques. I n c l u d e d  i n  each 
exper iment d e f i n i t i o n  w i l l  be a c l e a r  and c o n c i s e  
e x p l a n a t i o n  of  how the e::perimental r 2 s u l t s  would 
be u t i l i z e d  t o  p r e d i c t  the performance of a c t u a l  
space sys tems .  

Study F ' rocvremm t 

Ss?lcitatior,, 5 a l z c t i ~ n  and awe..rd of at l s a s t  t ~ c  
c o n t r a c t s  t c  p z r f a r a  s t u d i e s  s u p p o r t i n g  f l i g h t  
e::peri mant 521 e c t i  m, daf  i ni ti on and c c s t i  n5. 

F e a s i b i l i t y   stud:^^ 

Cczcep t 5 

On5 c r  mcre cc;nce;ts f o r . 3  spacecya f t  
and e::pzrimeLtal harewtare, ground 
s u q p c r t  equipment, flight and ground 
operat ions,  and e::?erimsntal 
procendures f a r  p e r f  crnance o f  t h e  
p r e l i m i n a r y  set cf fl!ghz exper imgnts 
and s.~c17=rk i no cos t  o:d C Z ~ E C ~ L ! ~  e 
est imates.  
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D o c u m e n t a t i o n  o f  t h e  s y s t e m  l e v e l  
r e q u i r e m e n t s  f o r  a s p a c e c r a f t  system 
( b o t h  grour,d a n d  f 1 i g h t  s e g m e n t s )  
s u p p o r t i n g  t h e  s e l e c t e d  c o n c e p t ,  

D o c u m e n t a t i o n  o f  a n a l y s e s  a n d  d e s i g n  
s t u d i e s  s u p p o r t i n g  these systerr level 

OHGrnrn  PAGE Is 
OF ??03P. Q~JA.L!W 

. .  

r e q u i  r e m e n t  s. 

T o p - l e - J e l  n c m e r i c a l  model 5 of t h e  s y s t e m  
u s i n g  s u c h  c o d e s  a s  NASTRAN, S I N D A ,  a n d  
CRYOTRAN. 

Dccumer: t a t  i o n  of e:; p e r  i m e n t a l  o p e r a t  i n g  
p r o c e e l u r e s  a n 2  r e q u i r a m e n t s  s u p p o r t i n g  
t h e  system l e v e l  r e q u i r e m e n t s .  

P e t s :  1z6 cos=:: a n d  s = h e d u l a  est imates  
f c r  i z p i c 7 m e n t r n g  t h 2  reqL::r-?c! s y s t e m s .  

Ecccrnentsl r2i i n e m e n t  C; t t?s  system 
l e v e l  r e q u i r e m e n t s  t o  a i  lEa-,t the 
s u b s y s t e m  l ~ v e l .  

Dstailed dejini t i o n  o f  e::pEr:mEntal 
o p e r a t i n g  p r o c e  ? ~ L : I - Z =  a n d  r e q c l r e m e n t s .  

I n i t i a l  p r c ~ ~ r t  c n  c f  ~ : : p s z t e d  
e::perim2r-,tsl OF' - 5 t i o R s  a n d  f ! L ~ i d  
c o n d i  t i o n s  . 

I n i t i s 1  i n t e r f a c i  r e q u i r e n e n t s  
doc um e n  t s . 
I d e n t i f i c a t i o n  of c r i t i=a !  tzchns log!*{  
i ssites. 

I?e ta i !Ed d s z - i g n  s t c : d i e s  o f  c r i t i c a l  
s p a c e c r a . S t  s y s t e m  d e s i q r .  f e a t u r e o  w h i c h  
a r z  o u t s i d s  t h e  e : : i s t i n g  s p a c e r r a f t  
t e c h n o l o z y  t-- c(ae. 

Fr 2 1 i rn i n At- y i d e n t  i f i c et i on cS e:: i c t i n~ 
d c s i  go5  ac2 " o f f  t h e  s h e 1  f " hsrebvuare 
w h i c h  w i l i  t,sve applicatim C,c t h e  
s,=s. ,z~craf :  c G n c e p t .  
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D e t a i l e d  e : : a n i n a t i o n  a n d  d o c u m e n t a t i c n  
of t e s t i n g  r e q u i r e m e n t s  a n d  r e l a t e d  

CXTGrnrn PAGE I:: f a c i l i t y  r e q u i r e m e n t s .  
OF F06R QUALITY 

E e t a i  l e d  c o s t  s c h e d u l e  a n d  resairce 
r e q u i r z m e n t s  f o r  t h e  c o n s t r u c t i o n  a n d  
o p e r a t i o n  o f  t h e  s p a c e c r a f t  s y s t e m .  
I d e n t i f i c a t i c n  o f  p o t e n t i a l  s c h e d u l e  
c o n f l i c t s  a n d  l o n g  l e a d  items. 

C r i t i c a l  T e c h n o l o g i g s  ( c p t i o n a l )  

A n a l y s e s  acd d e s i g n  s t u d i e s  of 
c m p o n e n t s ,  s u b s y s t e m s ,  a n d  c o n t r o l  
law5 r e q u i r e d  f o r  t h e  c o n c e p t u a l  
s y s t e m  a n d  w h i c h  r e q u i r e  r e s o l u t i o n  o f  
F c t e n k i s . 1  p r z b l e m s  t o  r e d u c e  r i s l : :  o r  
maints:;. c;;hai!ule d u r i n g  t h e  
i r n p l e n t z n k a t i c n  of t h e  ccj;..cept. 

E::F.P!-~ c e n t  F;equ: r a m e n t s  

Eetai led d c c u m E n t a t i o n  of  r e q u i r e d  
e : : p e r i m e n t a l  o p e r a t i n p  c o n d i t i o n s ,  
h e r d w a r e  c h ~ r s c t ~ r i  s k i  cs, m e ~ s a r e m e n t  
a c c u r a c i e s ,  t y p e s ,  l o c a t i o n s .  a n d  ra tes ,  
o p e r a t i o n a i  a ! g ~ r i t h m s ,  c r i t i c a i  sefiscrs or  
s e n s a -  tyFer, a n d  e::?E-!-inent s c a l e  made i n  
t h e  l i g h t  ci a n a l y s s l s  a n d  m c d e l i n S  c f  t h s  
csr;re;=tual e : : p e r i m e F . t a l  h a r d w a r e  a n d  c i  the 
resc!l ts of t h E  c n - 5 r . i n 5  c x t r a c t x a !  a7.l 
i n - h o u s z  c c n c e p t u a l  d e s i g n  stu(3:ies. 

Dccurne r t ed  r o v i s i o n  o f  t h e  abcve E: :pe r im€n t  
r e q u i r s n e n t s  m&de i n  l i g h t  of  t h e  
c c n t r a c t u a l  a n d  i n - h o u s e  s p a c e c r a f t  d e s i g n  
s t u d i e s  a n d  r s f l e r t i n g  p r o g r a n m a t : c  
d e c I s l o n s  d c w n - s e l e ~ t i n g  a n d  r e v i s i n s  t h e  
s e t  o i  f l i g h t  e x p e r i m e n t s .  

F i c a l  E x p e r i m e n t  R e q u i r e m e n t s  
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e : : p e r i m e n t  r e q u i r e m z n t s  s h a l l  f o r m  t h e  
b a s P l i r , e  f o r  t h e  d e s i g n ,  f a b r i c a t i o n ,  t e s t ,  
e n d  c p e r a t i o n  of t h e  f l i g h t  s y s t e m .  

E : : p e r i m e n t / S p a c e c r a i t  D e s i g n  S t u d i e s  ( I n - h o u s e )  

S p a c e c r a f t  C o n c e p t  

A d o c u m e n t e d  s p a c e c r a f t  c o n c e p t  w i t h  
s u p p o r t i n s  a n a l y s e s  p a r a l l e l i n g  the 
c o n t r a c t e d  e f f o r t  a n d  p o t e n t i a l l y  
i n c o r p o r a t i n g  f e a t u r e s  f o u n d  i n  o n e  or  
more o f  c o n t r a c t o r - d e v e l o p e d  c o n c e p t s .  
T h i s  e f f o r t  w i l l  be s t r o n g l y  b i a s e d  
t o w a r d  s u p p o r t i n g  t h e  i n - h o u s e  e x p e r i m e n t  
d e s i  qr, a n d  anal  y s i  s e f f o r t  . 

D e s i  gr, S t i t d i  e s  

DDculzEntzl s,tsten-level dac-ion s 2 u d i e s  
d e i i z i r , g  a s p a c e c r a f t  c o m p a t i b l e  w i t h  t h e  
f i n a l  f l i g h t  e x p e r i m e n t  r e q u i r a n e n t s  a n d  
~ c t s n t : c ; l  i s , ,  i n c o r p o r a t i n g  t h e  g e r m a n e  
rcsi:lts o$ t h e  c o n t r a c t u s 1  E f f c r t s .  

F . I .  C o a - d i n a t i = n  

C c c r d i n a t i c n  o i  the i n - h c a s e  a n d  c o n t r a c t u a l  
e f i c r t s  with these cf t h E  p r i n c i p a l  
i n v 2 s t i G a t o t - s  so that t h e  v a r i o u s  spacec: -s i t  
c c n c e p t s  an,' s y s t e m s  r e q u i r e m e n t s  d o c u m e n t s  
end e: :per imen:  r s q c i r e m e n t s  d e f i n i t i o n s  moet 
t h e i r  e : : p z ? - i  rr,c-,ta! n e e d s  and are 
e n l i g h t a n e 5  b y  t h e i r  ex7ertise and t h a t  
t h e i r  r e q u i r e n e c t s  r e f l e c t  t h e  r e a l i t i e s  o f  
s p a c s c r a i t  d e c i q r ,  a n d  p r o j e c t  r2psc~:rc~s. 

F1 i cjht E::per i ment Sel e c t i  on /Ref  i nemen t  

A se r i e s  cf d e c i s i o n s  b y  t h e  p r o g r a m  m a n a s e r  
s e ; l 2 ? = t i n s  t h z  f l i g h t  e x p e r i m e n t s  t o  b e  p e r f o r m e d  
a n d  r e S i r , i z C  t h e i r  r e q u i r e m e n t s .  T h e s e  d e c i s i o n s  
a r s  g u i d e d  b y  t h 2  a n a l y s e s  a n d  s t u d i e s  p e r f c r m e d  
to d a t e  ar.2 C i v E  d i r e c t i o n  t o  f u t u r e  w o r k .  

N o n - i l i z h t  E x p e r i m e n t  S e ? e c t i o n / K e S i n e m z n t  

A se r i e s  ci d e = i s : o F s  b y  t h e  F r o g r a m  manGqer 
s e ! o c t i n g  t5e cze-g e x p e r i m e n t s  t o  bc p e r f z r m e d  
anc: r e + i n i r ; c  tksit- r e q u i + e m E n t s .  . 
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Techno1 o g y  Reviews 

A series of rev iews f o r  senior  management 
cover ing  progress i n  t h e  t h e  technology program 
t o  d a t e  a5 measured aga inst  program g o a l s  and 
a l l o c a t e d  resources and i n d i c a t i n g  planned future 
a c t i v i  t i es. 
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SPEAKER: ERICH KROEGER/LEWIS RESEARCH CENTER 

Peter Mason/Jet Propulsion Laboratory: 

Have you come up with a rough estimate of the total cost of the program? 

Kroeger: 

Well, we’ve come up with a cost of $100 to $400 million, depending on whose 
view you want to take; we’d like to keep it closer to the lower end. When we 
include the cost of a launch vehicle, we begin with a pretty good chunk already 
committed. In the past, most of the launch vehicles were supplied by NASA, so 
you really didn’t see that cost showing up in the program cost, but now we are 
being told that will be included in our program cost. 
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